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DQGKLJKHUSURGXFWLYLW\WKDQFROXPQFKURPDWRJUDSK\7KHLQFOXVLRQRILPPRELOL]HGPHWDODIILQLW\
JURXSVDVIL[HGFDUULHUVLQK\URGJHOPHPEUDQHPDWULFHVERXQGZLWKDGLYDOHQWPHWDOHQKDQFHV
WKHVHSDUDWLRQFKDUDFWHULVWLFVRIWKHPHPEUDQH+\GURJHOVDUHDWWUDFWLYHPDWHULDOVDVDFKDVVLV
IRU WKH ,0$& V\VWHP GXH WR LWV VLPSOH SURFHVVDELOLW\ ELRFRPSDWLELOLW\ DQGPLQRU UHDFWLYLW\ WR
HQYLURQPHQWDOFKDQJHHJWHPSHUDWXUHS+HWF>@
,Q WKLV VWXG\ 3RO\YLQ\O DOFRKRO 39$ ZDV XVHG DV WKH K\GURJHO PHPEUDQH DQG ZDV
VXEVHTXHQWO\IXQFWLRQDOL]HGZLWKDVSDFLQJHOHPHQWEXWDQHGLROGLJO\FLGDOHWKHU%'(
FKHODWLQJ OLJDQG LPLQRGLDFHWLF DFLG ,'$ QLWULORWULDFHWLF DFLG 17$ RU 1K\GUR[\HWK\O
HWK\OHQHGLDPLQH11¶1¶ WULDFHWLFDFLG +('7DQGDGLYDOHQWPHWDO &XRU1L )LJXUH
7KH REMHFWLYH RI WKLV VWXG\ LV WR FKDUDFWHUL]H DQG FRPSDUH WKH WUDQVSRUW SURSHUWLHV RI
LPPRELOL]HG PHWDO DIILQLW\ K\GURJHO PHPEUDQHV WKDW DUH DQFKRUHG XVLQJ D WULGHQWDWH
WHWUDGHQWDWH DQG SHQWDGHQWDWH FKHODWRU $WRPLF $EVRUSWLRQ 6SHFWURVFRS\ $$6 DQG )RXULHU
7UDQVIRUP,QIUDUHGVSHFWURVFRS\)7,5DQG(TXLOLEULXP6ROXWLRQ&RQWHQW(6&ZHUHXVHGWR
FKDUDFWHUL]HDQGGHWHUPLQHIXQFWLRQDOL]DWLRQRIWKHK\GURJHOV
$$6ZDVXVHG WR GHWHUPLQH WKH ERXQG DQG XQERXQGPHWDO FRQFHQWUDWLRQ DQG WRPDNH LQLWLDO
GHWHUPLQDWLRQVUHJDUGLQJWKHGHJUHHRIIXQFWLRQDOL]DWLRQRIWKHPHPEUDQH0HWDOFRQFHQWUDWLRQV
H[DPLQHGZHUH000DQG0%RXQG1L%1&DQG&X%&&FRQWHQWIRUWKH
IXQFWLRQDOL]HGPHPEUDQHVDUHQRWVKRZQ0HWDODQDO\VLVWKURXJK$$6GHPRQVWUDWHWKDWDIILQLW\
PHPEUDQHVXVLQJHLWKHUFKHODWRUFDQHIILFLHQWO\ELQG&XRU1LDWOHDVWPJRIPHWDOSHUJUDP
RIPHPEUDQHIURPDQDTXHRXVVROXWLRQ7KHUHVXOWVGHPRQVWUDWHGWKDW0PHWDO,,VROXWLRQ
ZDVVXIILFLHQWIRUDIILQLW\FKURPDWRJUDSK\IRUDOOWKUHHFKHODWRUV
3UHOLPLQDU\UHVXOWVIURP)7,5VSHFWUDVKRZDOOPDMRUSHDNVDQG
UHODWHG WRK\GUR[\ODQGDFHWDWHJURXSVZKLFK LV LQGLFDWLYHRID39$K\GURJHOFURVVOLQNHGZLWK
JOXWDUDOGHK\GH )LJXUH  >@ 7KHVH UHVXOWV SURYHG WKDW FURVVOLQNLQJ KDG RFFXUUHG ZLWK WKH
FKDQJHLQFKHPLFDOVWUXFWXUHRIWKHK\GURJHOKRZHYHUIXUWKHUDQDO\VLVLVQHHGHGWRFRQILUPWKH
IXQFWLRQDOL]HG DIILQLW\ PHPEUDQH 7KH GDWD DOVR LPSOLHG WKDW IHZ GLIIHUHQFHV RFFXU LQ WKH
K\GURJHOV¶VWUXFWXUHZKHQWKHFKHODWRUVDUHDWWDFKHG
+\GURJHOVDUHDWKUHHGLPHQVLRQDOQHWZRUNRIFURVVOLQNHGSRO\PHUVZLWKDQRSHQPHVKV\VWHP
WKDWDUHK\GURSKLOLF WKHUHZDWHUDEVRUELQJFDSDFLW\ LVEHWZHHQ±RI WKHLU WRWDOZHLJKW
7KHHTXLOLEULXPVZHOOLQJRIK\GURJHOV LQZDWHUDQGGLIIHUHQWEXIIHUVZLWKYDU\LQJS+YDOXHV
DQG LQGLFDWHG WKDW WKHUHZDVVXVWDLQHGH[SDQVLRQRI WKH ILOPV LQGLIIHUHQWS+VROXWLRQV
'DWDQRWVKRZQ7KHFRQWURODQGDIILQLW\PHPEUDQHLQHTXLOLEULXPVROXWLRQFRQWHQWDUHVLPLODU
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IRU GLIIHUHQW S+ EXIIHUV $V H[SHFWHG VZHOOLQJ LV JUHDWHU LQ ZDWHU WKDQ LQ EXIIHU IRU DOO
PHPEUDQHVGXHWRLRQVUHSODFLQJZDWHUPROHFXOHV
7KLV VWXG\ SURYLGHV HYLGHQFH WKDW D IXQFWLRQDOL]HG PHPEUDQH XVLQJ GLIIHUHQW FKHODWRUV ZDV
GHVLJQHGDQGVXFFHVVIXOO\V\QWKHVL]HG7KXVUHVXOWVVXJJHVWWKDWWKHPHWDOFKHODWHFRPSOH[LV
VXIILFLHQW IRUELRVHSDUDWLRQV&KLFNHQHJJZKLWH O\VR]\PH&(:/ZDVWKHVROXWHXVHGDVWKH
PRGHOSURWHLQWRFKDUDFWHUL]HWKHVROXELOLW\ LQFRQWUROPHPEUDQHVZLWKRXWPHWDODWWDFKHGDQG
DIILQLW\PHPEUDQHV PHPEUDQHVZLWKPHWDODWWDFKHG$QDGVRUSWLRQVWXG\XVLQJFKLFNHQHJJ
ZKLWHO\VR]\PH&(:/ZDVFRQGXFWHGWRH[DPLQHWKHHIIHFWVRIS+RQVROXELOLW\LQWKHFRQWURO
DQG DIILQLW\PHPEUDQHV RI WKH 39$%'(,'$&X )LJXUH  5HVXOWV KDYH GHPRQVWUDWHG WKDW
&XDIILQLW\PHPEUDQHVLQFUHDVHWKHVROXELOLW\RI&(:/$OVR39$%'(17$PHPEUDQHZDV
XVHG IRU SURWHLQ VHSDUDWLRQ +RZHYHU WKH &Xð DIILQLW\ PHPEUDQHV DWWDFKHG PRUH SURWHLQ
VKRZLQJZKLOH WKH1LðDIILQLW\PHPEUDQHVUHVHPEOHGFRQWUROPHPEUDQHV&RQFOXVLRQFDQEH
GUDZQWKDWEXIIHUFRQGLWLRQVLQWHUIHUHGZLWKSURWHLQDWWDFKPHQW)LJXUH
$WRPLF$EVRUSWLRQVSHFWURVFRS\FRQILUPHGWKDWD1LDQG&XDIILQLW\K\GURJHOVZHUHVXFFHVVIXOO\
FUHDWHG $V VKRZQ EHIRUH 17$ SURYHG WR EH YHU\ HIIHFWLYH LQ FKHODWLQJ 1L DQG WKH GDWD
VXJJHVWV LW KDV D SUHIHUHQFH IRU 1L RYHU &X )XWXUH VWXGLHV ZLOO LQFOXGH GHWHUPLQDWLRQ RI
ELQGLQJFRQVWDQWV.GRI17$IRU1LDQG&X,QFUHDVHGDPRXQWRI17$GLGQRWLQFUHDVHWKH
DPRXQWRIERXQG1LGDWDQRWVKRZQ$GGLWLRQDOO\ LW LVFRQFOXGHGWKDWGDWDIURPDGVRUSWLRQ
DQG PHWDO DQDO\VLV UHVXOWV LQGLFDWH 0H OHDFKLQJ LV RFFXUULQJ GXULQJ SURWHLQ DGVRUSWLRQ
H[SHULPHQWVRI17$1LPHPEUDQHV7KLVPD\EHGXHWRWKHKLJKFRQFHQWUDWLRQRI1D&O0
7KHUH LV D VWURQJ LQWHUDFWLRQ EHWZHHQ WKH0H DQG SURWHLQ EXW WKH H[SHULPHQWDO FRQGLWLRQV
PD\ EH DIIHFWLQJ WKH VSDFHU HOHPHQW %'(  %XIIHU FRQGLWLRQVZLOO EH LQYHVWLJDWHG WR SUHYHQW
VXFK RFFXUUHQFH )XUWKHU HYLGHQFHZLOO EH SXUVXHG WR HOXFLGDWH WKH HQYLURQPHQWDO FRQGLWLRQV
QHFHVVDU\ IRU SURWHLQ DWWDFKPHQW WR WKH 17$1L PHPEUDQH  ,W KDV EHHQ UHSRUWHG WKDW VDOW
1D&OFRQWHQWPD\FDXVHDGYHUVHHIIHFWVGXULQJSURWHLQVHSDUDWLRQ>@
)XWXUHVWXGLHVZLOOEHSHUIRUPHGXVLQJ01L WRFRPSOHWHVRUSWLRQVWXGLHVXVLQJWKHPRGHO
SURWHLQFKLFNHQHJJZKLWHO\VR]\PH&(:/DQG6WUHSWRFRFFXVSQXHPRQLDHSQHXPRO\VLQZLWK
YDU\LQJFRQGLWLRQV6WUHSWRFRFFXVSQXHPRQLDHSQHXPRO\VLQSOD\VDFULWLFDOUROHLQWKHYLUXOHQFH
RIDQH\HLQIHFWLRQFDXVHGE\WKLVJUDPSRVLWLYHEDFWHULXP$KLVWLGLQHWDJJHGSQHXPRO\VLQKDV
EHHQ FRQVWUXFWHG DQG WKH DIILQLW\ K\GURJHOV ZLOO EH RSWLPL]HG IRU SURWHLQ SXULILFDWLRQ IURP
H[SUHVVLRQLQ(FROL 7KHSXUHSURWHLQZLOOEHDGGHGGLUHFWO\WRWKHH\HWRH[DPLQH LWVWR[LFLW\
SURSHUWLHV
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